Background: Pulmonary arterial hypertension is a newly recognized disease in patients with renal disease. In a recent review, the prevalence of PHT in ESRD patients was reported to be around 40-50%.
Introduction
Pulmonary hypertension (PHT) is a progressive disorder complicating heart, lung, or systemic diseases, with increased morbidity and mortality regardless of its etiology [1] . Pulmonary arterial hypertension (PAH) is a newly recognized disease in patients with renal disease [2] . In a recent review, the prevalence of PHT in ESRD patients was reported to be around 40-50% [3] . Pulmonary hypertension, defined as systolic pulmonary artery pressure (SPAP) > 35 mmHg at rest as estimated by Doppler echocardiography, has been repeatedly reported in patients with chronic kidney disease, both predialysis and during regular renal replacement therapy, with a high but variable prevalence [4, 5] . Its presence has been recently suggested to be associated with a worse outcome [6] . A number of causative factors have been related to this pathological finding: pulmonary artery calcifications secondary to hyperparathyroidism [5] ; and hemodynamic modifications related to the creation of an arteriovenous fistula (AVF), caused by a reduced ability of pulmonary vessels to accommodate the AV access-mediated elevated cardiac output, possibly because of a derangement of nitric oxide-endothelin metabolism [6] but its pathogenesis has not been completely elucidated.
Patients and methods
Our-cross-sectional and retrospective study included a total of 99 CKD patients who were followed up at nephrology center of King Fahd hospital, Al-Madinah Al-Munawarah, the Kingdom of Saudi Arabia at the period between January 2010 and December 2011. They were divided into three groups; group I involved 65 patients (34males, and 31 females with a mean age 45.72 ± 7.83 years) who were maintained on longterm regular hemodialysis therapy via arteriovenous fistulas (38 radial and 27 brachial AVF) three times per week in 4-h sessions, group II included 12 patients (7 males, and 5 females with a mean age 46.08 ± 3.84 years) on continuous ambulatory peritoneal dialysis and group III included 22 patients (13 males, and 9 females with a mean age 45.45 ± 3.77 years) on conservative management. Diabetic nephropathy was the commonest cause of uremia (n = 40), then hypertensive nephropathy (n = 31), Glomerulonephritis (n = 16), chronic pyelonephritis (n = 6), cystic renal disease (n = 4), whereas two patients had undetermined renal diagnosis. All patients included in this study underwent the following:
( Systolic PAP: A tricuspid regurgitation systolic jet was recorded from the parasternal or apical window with the continuous-wave Doppler echocardiography probe. Systolic right ventricular (or pulmonary artery) pressure was calculated using the modified Bernoulli equation: PAP = 4 · (tricuspid systolic jet) 2 + 10 mmHg (estimated right atrial pressure) [7] . According to Yigla et al. [6] PHT was defined as a systolic PAP > 35 mmHg. Patients with PHT > 35 mmHg were evaluated further by a pulmonologist in order to uncover other potential causes of PHT. This assessment included history, physical examination, chest radiograph, chest CT, complete pulmonary function tests, and measurement of arterial blood gases.
Cardiac output was estimated from the left ventricular outflow tract velocity time integral · diameter [8] .
(1) Doppler sonography: AVF flow measurement in hemodialysis patients by Doppler ultrasound was done.
Exclusion criteria included
Smokers, any cardiovascular and pulmonary diseases (chronic obstructive lung disease, chest wall or parenchymal lung disease) which lead to pulmonary hypertension as well as patients with chronic coronary heart disease, previous pulmonary embolism, collagen vascular disease, volume overload at the time of echocardiography were excluded. All patients provided written, informed consent.
Statistical analysis
The prevalence of PHT was calculated using the SPSS software. Clinical, hemodynamic, and metabolic variables were compared between patients with and without PHT with ''t'' test. Values were expressed as mean ± Standard deviation (SD) and as percentage for categorial parameters. Differences between groups were compared with Student's t-test for parametric continuous variables. Chi-square test was applied for estimating the occurrence of categorical variables. Pearson's correlation coefficient was used to test the relationship between PAP and other parameters. A P value <0.05 was used as the threshold of statistical significance.
Results
The most common etiologies of renal failure were diabetes mellitus and arterial hypertension in all studied groups. Duration of dialysis treatment was highly statistically significant longer in hemodialysis than peritoneal dialysis group. Our results showed a highly statistically significant decrease in hemoglobin, hematocrit %, and statistically significant increase in creatinine, phosphorous, SPAP, and EF% in the hemodialysis group compared to the conservative management group. But no differences were found between both groups with respect to age, blood urea, serum HCO3, serum calcium, serum parathyroid hormone level or cardiac output. As regards peritoneal dialysis group, there was a highly statistically significant decrease in cardiac output, and statistically significant increase in serum calcium, phosphorous compared to the conservative management group. But, no differences were found between both groups with respect to age, hemoglobin, hematocrit %, blood urea, serum HCO3, serum parathyroid hormone level, SPAP, or EF%. A high prevalence of pulmonary hypertension (SPAP > 35 mmHg) was demonstrated among 27 patients (41.53%) receiving long-term hemodialysis; as well as in two patients (16.66%) receiving peritoneal dialysis, and in five patients (22.72%) receiving conservative management. Hemodialysis group has the highest mortality 14 out of 65 patients (21.54%), then peritoneal dialysis group two patients (16.66%) ( Table 1) . Data on the 27 (out of 65) patients with pulmonary hypertension were compared with the 38 patients without pulmonary hypertension in the hemodialysis group. Diabetes mellitus and hypertension were the most common etiologies of renal failure in both subgroups in all studied patients. Brachial AVF; 23 out of 27 patients (85.18%) represent the majority of patients in pulmonary hypertension subgroup, and radial AVF; 23 out of 38 (60.52%) represent the majority of patients in normal PAP subgroup of hemodialysis patients. There was a highly statistically significant increase in age, duration of dialysis treatment, serum creatinine, serum phosphorous, serum parathyroid hormone, SPAP, cardiac output, and AVF flow and highly statistically significant decrease in serum HCO3, EF% in pulmonary hypertension subgroup compared to normal PAP subgroup. But no differences were found between both subgroups with respect to hemoglobin, hematocrit %, blood urea, and serum calcium of hemodialysis patients. Mortality was higher in the pulmonary hypertension subgroup (11 out of 27 patients (40.74%). As regards peritoneal dialysis group, there was a highly statistically significant increase in age, duration of dialysis treatment, blood urea, serum creatinine, SPAP, and cardiac output in pulmonary hypertension subgroup compared to normal PAP subgroup. But no differences were found between both subgroups with respect to hemoglobin, hematocrit %, serum HCO3, serum calcium, serum phosphorous, serum parathyroid hormone, and EF%. Data on the 5 (out of 22) patients with pulmonary hypertension were compared with the 17 patients without pulmonary hypertension in the conservative management group. There were highly statistically significant increases in blood urea, serum creatinine, serum parathyroid hormone, SPAP, and cardiac output, and a highly statistically significant decrease in serum HCO3, and serum calcium in the pulmonary hypertension subgroup compared to the normal PAP subgroup. But no differences were found between both subgroups with respect to age, hemoglobin, hematocrit %, serum phosphorous, and EF% ( Table 2) .
On comparing data of pulmonary hypertension subgroups of peritoneal dialysis and conservative management with hemodialysis subgroup, hematocrit % was statistically significantly lower in the hemodialysis subgroup than other both subgroups. But, serum creatinine, serum phosphorous, SPAP, and cardiac output were statistically significant higher in the hemodialysis subgroup than both peritoneal dialysis and conservative management subgroups (Table 3) .
Our results revealed a positive significant correlation between PAP and age, duration of dialysis treatment, blood urea, serum creatinine, serum phosphorous, serum parathyroid hormone, cardiac output, and AVF flow as well as an inverse correlation between PAP, serum HCO3 and EF% in the hemodialysis group. A positive significant correlation was found between PAP and age, duration of dialysis treatment, blood urea, and cardiac output in peritoneal dialysis group. In the conservative management group there was a positive significant correlation between PAP and blood urea, serum creatinine, serum parathyroid hormone, and cardiac output as well as an inverse correlation between PAP, serum HCO3 and serum calcium ( Table 4 ).
Discussion
The prevalence of chronic kidney disease (CKD) in the developed world is 13% and is recognized as a condition that elevates the risk of cardiovascular complications as well as kidney failure and other complications [9] . End-stage kidney disease (ESKD) substantially increases the risk of death, cardiovascular disease, and use of specialized health care [10] . Pulmonary hypertension (PHT) has been reported to be high among end-stage renal disease (ESRD) patients [11] . In clinical practice, shunting of blood from the left to the right side of the heart and increased cardiac output and pulmonary blood flow are common medical conditions resulting in PAH [12] . However, Yigla et al. [13] first noted unexplained PAH in some long-term hemodialysis (HD) patients during an epidemiologic study [13] . Both end-stage renal disease and long-term hemodialysis via arteriovenous fistula may be involved in the pathogenesis of pulmonary hypertension by affecting pulmonary vascular resistance and cardiac output. Hormonal and metabolic derangement associated with end-stage renal disease might lead to pulmonary arterial vasoconstriction and an increase in pulmonary vascular resistance. Pulmonary arterial pressure may be further increased by high cardiac output resulting from the arteriole-venous access itself, worsened by commonly occurring anemia and fluid overload [14] . On the other hand, the prevalence of PAH in patients on peritoneal dialysis (PD) is still a matter of debate [15, 16] . Therefore, the aim of this study was to evaluate the prevalence of primary pulmonary hypertension (PHT) among chronic kidney disease patients on and without dialysis and to compare clinical, hemodynamic, and metabolic variables among patients with and without PH to search for possible etiologic factors. Our study demonstrated a high prevalence of pulmonary hypertension (SPAP > 35 mmHg) among 27 patients (41.53%) receiving long-term hemodialysis with a mean systolic PAP of 49.33 ± 9.18 mmHg; as well as in two patients (16.66%) receiving peritoneal dialysis with a mean systolic PAP of 43 ± 1.41 mmHg, and in five patients (22.72%) receiving conservative management with a mean systolic PAP of 44.8 ± 5.89 mmHg. This is in accordance with Domenici et al., 2010 [17] who reported that Pulmonary hypertension was found in 23/39 (58.9%) of the HD patients and 2/9 (22.2%) of the PD patients; PAP was significantly higher in HD patients than in PD patients (P < 0.01). Also, Patel et al. [18] demonstrated that forty-one patients had pulmonary hypertension, of whom 33% were on hemodialysis. Also, Yigla et al. [19] reported that PH > 35 mmHg was found in 39.7% of patients receiving hemodialysis (mean ± SD, 44 ± 7 mmHg; range, 37 to 65 mmHg), in none of the patients receiving PD, and in 1 of 12 predialysis patients. Similarly, Fabbian et al. [20] demonstrated that PHT (PAP > 35 mmHg) was detected in 22 patients (39%; PAP 42 ± 6 mmHg) and was diagnosed in 18.5% of PD patients and 58.6% of HD patients (P = 0.021). Also, Mahdavi-Mazdeh et al. [21] reported that prevalence of PHT ranges from 30-40% as detected by Doppler echocardiography in patients on chronic hemodialysis (HD) therapy. Abdelwhab and Elshinnawy [11] demonstrated that PHT was found in 44.4% in group 1 (HD) and in 32.3% in group 2 (conservative treatment). The most common etiologies of renal failure were diabetes mellitus and arterial hypertension in all groups and subgroups of our studied patients. This is similar to the results of the study conducted by Mahdavi-Mazdeh et al. [21] who reported that most common etiologies of renal failure in his studied patients were diabetes mellitus and arterial hypertension. The present study showed a highly statistically significant increase in age, duration of dialysis treatment, serum creatinine, serum phosphorous, [19] reported that patients with PH receiving hemodialysis had a significantly higher cardiac output (6.9 L/min vs 5.5 L/min, p = 0.017). Abdelwhab and Elshinnawy [11] demonstrated that Patients with PHT in the hemodialysis group have a significantly higher AVF blood flow and PAP correlates with AVF flow. Fabbian et al. [20] demonstrated that the group of subjects with PH had higher dialysis vintage (63 ± 60 versus 27 ± 32 months, P = 0.016), interdialytic weight gain (2.1 ± 1 versus 1.3 ± 0.9 kg, P = 0.016), lower diastolic blood pressure (73 ± 12 versus 80 ± 8 mmHg, P = 0.01) and ejection fraction (54 ± 13 versus 60 ± 7%, P = 0.021) than the patients with normal PAP. PAP was correlated positively with diastolic left ventricular volume (P = 0.32, P = 0.013) and negatively with ejection fraction (r = À0.54, P < 0.001). In the same group they found a higher prevalence of diabetes (18 versus 3%, P = 0.05). Abdallah et al. [22] demonstrated that PHT (systolic PAP = 35 mmHg) was observed in 25 (56.8%) patients receiving hemodialysis with a mean systolic PAP of 46.4 ± 13.6 mmHg. In the predialysis group after creation of AV fistula, PHT was found in 6 (42.9%) patients with a mean systolic PAP of 42.8 ± 12.8 mmHg. The cardiac output and AV shunt flow were found to be increased in patients with elevated systolic PAP in both groups (p < 0.05). CRF duration and AV fistula duration were positively correlated with systolic PAP in patients receiving hemodialysis (p < 0.05). On the other hand, Amin et al. [23] reported that there was no significant difference between patients with PH and those without PH in end-stage renal disease patients, who were receiving [19] reported that nine patients (15.5%) died during follow-up: six patients with PH and three patients without PH, corresponding to mortality rates of 30.4% and 8.5%, respectively in his studied patients receiving hemodialysis and peritoneal dialysis. Yigla et al. [6] demonstrated that patients with PHT evaluated by echocardiography at the beginning of HD treatment, and with PHT developing soon after HD initiation, had shorter survival than their counterparts without PHT. Our study showed a highly statistically significant increase in age, duration of dialysis treatment, blood urea, serum creatinine, SPAP, and cardiac output in pulmonary hypertension subgroup compared to normal PAP subgroup of peritoneal dialysis group and a positive significant correlation between PAP and age, duration of dialysis treatment, blood urea, and cardiac output. Etemadi et al. [24] showed no differences in gender, age, weight, duration of dialysis, calcium, phosphorus, alkaline phosphatase, albumin, parathyroid hormone level, total iron binding capacity, ferritin, creatinine and blood urea nitrogen between the patients with PAH and those with normal PAP (P > 0.05) in the peritoneal dialysis group. Fabbian et al. [20] demonstrated that PD patients with PHT had lower ejection fraction (45 ± 15 versus 62 ± 5%, P = 0.003) than those without PHT. PAP was positively correlated with diastolic left ventricular volume (r = 0.32, P = 0.013) and negatively with ejection fraction (r = À0.54, P < 0.001). Hematocrit % was statistically significantly lower and cardiac output statistically significantly higher in the hemodialysis pulmonary hypertension subgroup than both peritoneal dialysis and conservative management subgroups. Yigla et al. [19] compared data on the 23 patients with PH receiving hemodialysis with the 35 patients without PH receiving hemodialysis. The cardiac output was significantly higher among the PH subgroup (6.9 ± 1.8 L/min vs 5.5 ± 0.7 L/min, p < 0.017). The hemoglobin and hematocrit levels were significantly lower in the PH subgroup (9.7 ± 1 g/dL vs 10.9 ± 1.1 g/dL and 30.4 ± 2.1% vs 34.6 ± 2.5%, p = 0.012 and 0.007, respectively). Nissenson et al. [25] has recommended optimization of the hematocrit to maximize the blood oxygen carrying capacity and minimize the impact of arterial hypoxemia. It has been found that repeated episodes of hypoxia during and/or after HD lead to the development of pulmonary hypertension and cause morphological changes in the lung [26] [27] [28] .
In the present study, the prevalence of pulmonary hypertension was highest in the HD group (41.53%), which is not surprising, as these patients had higher AV fistula flow, cardiac output, serum creatinine, and phosphorous levels; lower hemoglobin, hematocrit, serum bicarbonate values, and EF%. Brachial AVF; 23 out of 27 patients (85.18%) represent the majority of patients in the pulmonary hypertension subgroup, and radial AVF; 23 out of 38 (60.52%) represent the majority of patients in the normal PAP subgroup of our studied hemodialysis patients. It has been suggested that some factors, such as the size or the location of AVF, are involved in the mechanism that increases PAP [4] . On the contrary Tarrass et al. [29] did not find any difference in cardiac output between patients with and without PHT, and the effect of AVF location was not statistically significant. Beigi et al. [30] reported a positive correlation between mean fistula flow and PAP and as well as in our study, an inverse correlation between PAP and ejection fraction.
Study limitations
This study has certain limitations. The exclusion criteria used in our protocol resulted in a small study group, since the majority of patients with CKD had concomitant cardiac or pulmonary disease. The exclusion of patients with CKD with cardiac or pulmonary disease from analysis was a methodological necessity. Moreover, PAP was measured by a non-invasive method, Doppler echocardiography, with-out obtaining direct invasive measurements (e.g. right heart catheterization). However, measurements of PAP by the applied Doppler echocardiographic method have been reported to have a good correlation with measurements obtained by invasive methods in some studies [24, 31, 32] . This method of PAP measurement has been widely applied in previous studies on PAH in patients on HD or PD [2, 5, 19, 21] .
Conclusion
This study demonstrated a high prevalence of pulmonary hypertension among patients with CKD on and without dialysis. The prevalence was highest among patients with ESRD receiving long-term hemodialysis (41.53%) than those on peritoneal dialysis especially in patients with older age, longer duration of dialysis treatment, higher AV fistula flow, cardiac output, serum creatinine; lower hemoglobin, hematocrit, serum bicarbonate values, and EF% which all positively correlated with PAP and may be involved in the pathogenesis of pulmonary hypertension. Early detection of pulmonary hypertension is important in order to avoid the serious consequences of the disease, changing dialysis modality or referring for renal transplantation. Patients on peritoneal dialysis (PD) had the least prevalence of pulmonary hypertension 2/12(16.66%). Hence, it seems that PD may be better as the mode of renal replacement therapy if development of pulmonary hypertension is to be prevented.
